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A refrigeration systew 
the tesperature limits 
The coefficient of 
ar»c? as s boat pu®p 


af> 


follows the reversed Carnot cycle betwaen 
0 °C and 30 °C. Find: 

rforisance when it works as a refrig©r<£t«sr 
teSh,at would be the coefficients of p«cfar- 


\A 


wncE if the heat-sink' teaperatur'e was increased to 40 °C? 
The power in- kki required for a refrigeration load of 50- II 
both cases? 


The rate of heat rejection- in kW, in both cases? 


t 

A new refrigerator . is 
kW when working between 
°C., Can this be true? 


said to require 1.103 kW 
the temperature limits 


for a duty of 2. " 
of -15 °C and 


i n 


r 9i 

30 


A heat pump system is used to serve a heating load of 116.3. kW at a 
temperature level of 40 Q C. If the heat—source temperature is 0 
°C T detersine the power-input requirement in kW assuming that the 
relative efficin'cy is 70 7 .. 


A system works 
temperature of 40 
(i) -30 Q C (ii) 

Determine the C.O 
pump. Represent, 
results if the high temperature i 
cm the results. 


on the reversed Carnot cycle between a. high 
°C and a low temperature of . 

-25 °C . (iii) 0 °C (iv) 20 °C 

P of the system as a ref ri c; er ator and as a heat 
the results cm a suitable diagrams. Repeat the 

lowered down to 30 ■ ^C. Comment 


A refrigeration system follows the reversed Carnot cycle between a 
I vest source and. sink ■ 'temperatures of Tj and ,T _2 respectively. It 
is passible either ta raise or reduce ?2 by two degrees. 

Determine which of the two alternatives is more erffactive for 
increasing the C.0.P 
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Single—Stage Vapoiir-Cowpression Systems. 


In a theoretical single stage atamonia vapour compression systea, 

liquid leaves the condenser at 2 tS^a and 40 °C„ Evaporator 

pressure is 0„I5 riPa, vapour leaves the evaporator at —18 °C. The 
system produces 15 tons of Refrigeratiors. Determines 

a) The cosfficient of perfonsance, 

b) Tho piston d i sp l .iceiaen t in per sec. (assuming volumetric 

efficiency of I GO Z) . ' 


A vapour~co«p res si on refrigeration machine is used for ice staking. 

The evaporation and condensation temperatures are —8 °C and 45 

°C resp«?ctively. The cycle- refrigeration efficiency is 40 X. 

Water is available at 30 P C and.ice is produced’ at ”-4 °C. The 

cojshirv-e.d electric—motor and belt—drive e-fficient is 81 : X and the 

compressor mchanical effciency is 80.4 X. If the daily electric- 
energy coosumpti on is I.BxlQ^kJ, calculate’ the daily output in tons 
of ice. 

A isechanical vapour-compression heat pcuap is to be used for heating 
a building with a design load of 5G. 15 kW. Water at 10 D C is 
available as a heat source and the air supplied to the building is 


to be at 38 °C. A 5 °C 

condensing refrigerant and 
refrigerant and heat source. 


differential is necessary between 
supply air and between evaporating 
If the relative efficiency is 70 X 


calculate the brake power in kW required to meet this heating load. 
<2m = 0.9) • ■ ■ : 

A mechanical vapour-comorescion refrigerator has a capacity of 5 
tons. It fellows a refrigeration cycle with a C.O.P of 2.5. It is 
assumed chat no heat exchanges occur along the interconnecting 
piping between the system components. The compression is adiabatic- 
The Machine is fitted.with a. water—cooled condenser, and the water 
temperature rise in it is 7 °C. Estimate the required flow rate 
of coaling water in m3/sec. ' 

Catalogue data for a. refrigerant-12 compressor with a displacement, 
of 0.0283 ra^/sec, , shows the capacity to be 13.7 . T.R. and brake 
power 10.371 kW- when the suction conditions are’+10 °C and 0-3 
MPa and the condensing temperature is 35 °C. The refrigerant 
leaves the condenser as saturated liquid. Calculate the actual 
volumetric efficiency and the adiabatic compression efficiency of 
the compressor (= 90 X). : •’ ; . 


If the electri 
naac r t i n e costs . 17. 

.12 mi 11 i mes p 2 r 
condenser cooling 
more economical 
working at an 
water at 21 °C T 
of the coapres.sor 


c power required to drive a freon—12 refrigerating 
. K.illiaes per kWH,..and the aater consumption costs 
cubic meter, find out whether a rise in the 
water temperature of 5 °C or IB °C would be 
in the operating expense of the machine when 
evaporation temperature of —12 °C and with coaling 


al 1owing 


for the mechanical efficiency 


for motor efficiency, and 90 


belt 




Assume a simple saturation "cycle. 




/» A single-stage, freon 12, refrigerator operates at an evaporating 
taaper-iturs of -5 °C. Vapour leaving the evaporator to th@ 

coapressor had a superheat o-f 5 °C» A long suction line connects 
the r«K»otely—locatsHi evaporator to the' coapr«scr. Due to aging, 
th® thsr®<al instil a fci on a-f the suction line dcs-ter ioratad, and a .rww 
yapoiir-tahsaporo-f 20 °C takws place? along .th® suction 
tine. CalcuXat® tha *HF-f net on th© r«rfrigoratidh capacity. 

0. A single—roexa cold store has a storage capacity erf 1.000 tons o-f a 
certain product. The roo>» has a square floor area. The . storage 
density is 3.2 ®3/too.. The reach o-f the fcrk-1 i f t trucks limited 

the ceiling height to S m. The rooa is aaintained at a tBapsratiire 
of 0 °C and the average ambient, — air tataperature is 30 a C. 

The refrigeration plant works with aswonia and follows a si sap Is 
saturation cycle bets^sn evaporating and condensing tesap era tores 
.'o-f -10 °C and 40 °C respectively. The cosapressor is driven by 
an electric motor through a belt drive. The oiechanical , drivs, and 
motor efficiencies are 0.93, 0.9S, and 0-95 respectively- Electric 

energy, at the stors location, costs 30 niill/kWi. The overall 
coefficient of heat transfer of the store envelope is 2.326x10“^ 
kW/ra— °C. It is proposed to increase the thermal insulation o-f 

the exterfor- -surfaces" (except the 'floor) 1 ' by adding 0-1 m erf a 
thermal insulating saaterial having a therraal conductivity of 
2-900x10“^ kW/ro °C. The cost of this material is 50 LE/rcrh 
The remainder of the expected life of the plant is 10 years and 
the daily operating period of the refrigeration equipment is 
considered to be 20 hours. Detensine whether this proposal is 
economically feasible or not. 

9. It is wanted to choose a corapresscr for a creamery installation 

operating under the following conditions; capacity of 18.5 T.R., 

condensing pressure of 1.5 MPa, aB»onia liquid- leaves condenser at 
saturated conditions, arnsrania liquid enters the expansion valve at 
24.5 °C, evaporating temperature of —12 °G, vapour leaves 

evaporator at saturated conditions, vapour is superheated 11 D C 
in compressor suction line- A compressor of the fallowing 

characteristics is available; 4 cylinders, vertical, reciprocating. 
single acting, single stage, water jacketed compressor with a 
maximum R.P.'rj o-f 600, cylinder diaseter is 0.1 m and - stroke o-f 

0. 12 fis. The following supplemental assumptions to', allow for 

further calculations are taken; clearance ratio of 4 7L, pressure 

drop in suction valve is 0.03 MPa, vapour is superheated 8 °C in 
cylinder on intake stroke after passing the suction valve, 
Palytropi'c compression with n—1.27, pressure drop in discharge 
valve is 0.05 MPa, compressor mechanical efficiency is 80 7.. 

a) Determine if the available compressor cian-be used and at what 

R.P.M should it operate? 

b) Estimate the kW required to drive the compressor? 

10. A freon-12 refrigerating machine is used in a meat factory to cool 

10 tons of meat from 38 °C to —10 °C in 12 hours. The 

cow-iressor used is single stage and has 8—cylinders and runs at 
VOO R-P.Ji- The wchi.ne is fitted with • >a liquid-suction heat 
exchanger. 6iv?p, the following data; =• ■ ■ ^ ■ 

Suction and de ivery pressures are 0.15 and 0.8 MPa, respectively. 
The liquid is saturated at outlet frora the condenser. 

Temperature at outlet from the: evaporator - - B °C- 
Temperature at compressor suction valve = ■+; 3 °C. . 

There is a pressure, difference due to suction and discharge valves 
— 0.01 MPa. • i ng. i n the compressor during suction raises the 





; ; Uo8. 

Specific heat of aeat above -freezing -- 2-VIS! im! bciltiw I i 11 .- 

1.675 kJ/ky °C. ; 

Latent heat o-f freezing of meat = 209. 35 kJ/ky and freezing 
temperature ■= — 1.5 °C.. 

Calculate the following; . 

a) Pow«sr needs-d foe tine co<apres?wr if caechani cal. e-f f i ciency — 

0.85. . 

b) Bore «n*J str oStie- of the co»pressor if L./D - 1-2, clearance ratio 
- 3 X. 

c) Coefficient o-f performance o-f the ref ri gera ting machine and the 
relative e-rficiency of the cycle. 

It. A freon—1.2 refrigerating nsachine is required to cool 5.6xIO — ■ J> 
of «ilk per sec;- from ' 26 °C to 5 °C. The compressor used 
has six cylinders of 0- 15 sa bars and 0.20 m stroke and runs at 760 
R-P.rt. The aachina is -fitted with liquid-suction heat exchanger?-. 

The following data is givens 

Compressor suction pressure = 0-25 MPa. 

Compressor delivery pressure - 0-7 MPa'. 

■ Tercsperature at compressor suction — + 0 °C. ; 

. Temperature at compressor discharge = 52 °C- 

Tempierature at condenser outlet = 26 D C- 

Tensperature at evaporator outlet — — 1 °C. 

The specific gravity of milk. is 1-03 and its specific heat - 
3.873. If the combined mechanical and motor efficiency - 65 Z T 

calculate: 

a) The power o-f the electric motor in kW. 

b) Compressor isentropic and volumetric efficiencies. 

c) C.D.P of the machine and the relative (refrigeration; 

efficiency. 

12. ft R-12 four cylinders, 0.05 cs diameter by 0.06 m stroke, . 
compressor runs at 1500 R-P.M. The condensing temperature is 30 
a C with 6 D C subcoaling and the evaporating temperature is —2 
°C with no superheating. It is proposed • to instal a 

.liquid-suction vapour heat exchanger to prevent condensing of 
atmospheric moisture on the suction pipe when the surrounding 
atmospheric condition is 36 °C dry bulb temperature and 26 °C 
wet bulb temperature; draw a diagramatic arrangement of the plant; 
and determine: 

a) Weight of refrigerant handled by the compressor,. allowing a. 

volumetric efficiency 0 + 84 7. 
hi The capacity of the plant in T.R. 

c) Condition of refrigerant on leaving 'the heat exchanger, at 
suction valve of the comperssor. 

d) Xage effect which the heat exchanger has on the capacity of the 

p 1 ant. . ■ 

e) Xage effect on the C.O.P. 

1 v. ft single-stage • freon —12 refrigerator works on the simple 

saturation cycle and has an air-cooled condenser. The compressor 
has a clearance ratio of 4 7-. The evaporation temperature is —5 

°C <nd the compressor discharge temperature is 50 D C. The 
rated capacity under these design conditions is 20 tons- During 2 
hot spell the condensing temperature increased to 55 c C. 

Calculate, the refrigeration capacity under thi s severe condition. 

With the condensing temperature at 55 °C , determine the 

evaporating temperature .at which the ref r i ger at i on capacity would 
diminish to zero. 

14. An ammonia vapour—compression brine-cccling plant is to be 

designed for a refrigeration capacity o^ 30 tons. The available 
cooling-water temperature and the -squired brine temperature 




lo ? 

-I 

i>f'r I 1 jhp a c;nnilf?nsRr pressure of t MPa and a brine "Cooler 

pressure u( MPa. Hio luUumm) I rmpurattirns will *’x > sF. at the 

points designed: compressor discharge LOO °C , .compressor suction 
— 14 °C, leaving condenser 16 °C , at expansion valve 20 n C, 
and leaving evaporator —20 °C. Pressure drops in suction and 
discharge valves are 0.05 and 0.1 hl^a respectively. A two-cy l i nder 
single-acting compressor is to be used at a mevin piston speed o-f 2 
ra/sec. Mechanical efficiency is 0.00. Ratio of : stroke to bore is 
0.9. Clearance factor is 5 percent. Calculate: 

a) Indicated and brake power o-f compressor. 

b) Heat rejected from compressor per sec. 

c) Heat rejected in condenser per sec - 

d) Bore, stroke, and speed of compressor. 

e) C.0.P of the machine. 
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Compound Vapour -Co«pr'essi on Systems 

1. The -following conditions- apply to IOO ton T acswoni A compound vapour 

coisprassion system with water intercooler - Condenser pressure is 
1.5 , evaporator pressure is 0_ 15 tPa, intercooler pressure is 

0.5 fFa, a.nd valuwetric efficiency as? low pressure — B5 X, high 
pressure = TO X. Assume pressure drop through compressor valves as 
follows? low pressure suction - 0.015 HP.*, low pressure discharge 
is 0-033 MPa, high pressure auction = 0.03 HPa, high pressure 

discharge = 0.07 MPa,. Ammonia . isay be cooled to 32 c C . .in 
intercooler, and- sub—cooled liquid fro* condenser is at 30 Q C, 
suction temperature i:> -18 °C. Temperature leaving the brine 
cooler = — 2i °C. ■ Low pressure compression is adiabatic. High 
pressure compression has an index (n) of- 1.27. , Both cylinders are 
double acting. Calculate: (Assume g_ c = 100 V. of L.P.C) ' 

a) Atramoni a to be circulated per second. 

b) Indicated power of high pressure cylinder. 
c> Indicated power cf tow pressure cylinder. 

d) Heat rejected to intercooler fkW) . . 

c) Piston displaceaent of low pressure cylinder and high pressure 
cylinder, rn-Vsec. 

f } Coefficient of perforiaance based on I. kW. 

2. a) A cold—stare for frozen -fish is to be (maintained at a 

temperature of — 7 D C- The estimated heat load for the store 
is 174.45 kW, and is to be performed by an aw-mon i a brine 
refrigerating plant working at a condenser pressure of 1 MPa, 
and at an evaporator pressure of 0.25 MPa- If a 4-cylinder 
compressor running at 600 R.P.M is used and having a 
compression efficiency of 80 X, volumetric efficiency of 75 X, 
and mechanical efficiency of 80 X. Calculate: 

(i ) T'nc brake power in kW of the compressor. 

{I i > ■ The bore and stroke of the compressor! ■- . ' ■ 

(iii) The C.D.P pf the plant, and its relative thermodynaraic. 

b) If the above auasonia compressor is to be two—stage with a water 
intercooler, make a suitable design of the plant, and 

determine: 

(i) The intermediate pressure. 

Cii) The Xage saving in the brake power pf the compressor. 

3. An ammonia plant is to be designed for an i ce— factory having a 
daily output of 65 tons of ice under the following . design 
conditions: 

Average temperature of water available is 22 °C, 

Temot-rdture of ice produced is — 6 °C, 

Freezing time 19 hours, and the estimated heat gain from the 

surround!ngs in .0 ice tank amounts to 10 X 1 of the freezing load. 

3 ,J Select suitable operating conditions for a simple ammonia 
system and then calculate the B.kW of the compressor, assuming 
a compression efficiency of 84 X and a mechanical efficiency of 
90 X. ' 

b) If using a two—stage compressor with a water intercooler: 
determine the Xage saving in the power of the compressor, 
assuming a compression efficiency of 84 far low pressure 





stage and 06 X foe - high pras^'.irf? CaI cul at.f* .al-so the Xaqn 

inproveusnt in the C _ T. ) . P n f the r ;ysl run d i s e t.ij t.. (>oipi iui n.l i m.j . 


Determi ne: 

a) ThP n.n.p. 

b) The sax'i mum cycle* temper a ture - 

c) The total piston cl t sp 1 acemen t per ?.ec. per ton, 

theoretical single stage cycle and for the cycle 

fi yurra. 


for the 
shown in 


Foe each cycle assume an evaporating temperature of — 40 °C, 
condensing temperature of 30 °C, arid a compressor clearance of 5 
7-n The refrigerant is affwa-onia- For the two—stage cycle, assume 
intermediate saturation temperature is -11 °C» that the vapour 
leaves the water intercooler at 38 °C, and- that- the compression 
is isentropic. 



An industrial plant uses a R—12 system with- one compressor to 
serve both an air-conditioning evaporator and a low temperature 
evaporator -for ' process ref rigeration, , The air-ccnd i t i on i ng 
evaporator is a liquid chiller operating with a capacity o-f 80 
tons and is maintained a-t a temperature o-f 4.5 °C by means o-f a 
pressure regulating val\/e located at the outlet o-f the evaporator. 
The low pressure evaporator has a capacity of 25 tons and operates- 
af a te»peratu"s o-f - 12 °C, the compressor suction pressure is 

the same as tee pressure in the low temperature evaporator, and 
the condensing temperature is 32 °C. Calculate the power 

required by the compressor. .• . ... 

An arwaonia system having a 45 ton evaporator operating at — 1.0 

D C, and a L0 ton evaporator operating' at. - 40 °C; utilizes 

flash gas removal and intercooling. The condensing temperature is 






57 °C- Hit? arT<tng(wtf>nt is as sit own in f igurp. Calcul Ate tit*? 
power required for each compressor. 



fin ammonia vapour compression system is arranged as shown in 
figure. Assume isentropic compression, and the given data are: 
t L - 32 °C, t 10 = . -7 °C, t S =' -40 °C, t 3 = 4.5 

°C, t 7 = 38 °C. 

If the low pressure evaporator produces twice the capacity of the 
high pressure evaporator. Find the C-O.P of the cycle. 















S. A cascade refrigerating system uses sawsson i. a in the low teaperature 
unit and freon-12 in the high teesperature unit. The system 

develops a 50 T.R. The Freon-12 systera operates at -20 °C 
evaporation temperature, and 35 °C candensation teaperature. 

• Frepn liquid i sswbcool mi &v 5 °C i r» the condenser. .The anxnoni a 
system opiates at -46 °C evaporating te»perature, and -15 °C 
coriciwisin^ tusperdture, which is provided by the freon-12 

evaporator. Amtscwt i a loaves the evaporator’’ wi th 5 °C of 

superheat. There is 2 °C terainai temperature difference between 
a@«onia and freon—12 in the evaporator/condenser- 
a) Dr an the flow diagram of the cascade system, 
b? Calculate the total power required. 

c) Calculate the C.0..P of each system and that of the whole plant 

9. A ref r? geCant-i.2 system is arranged as shown. in figure, ftssuse 
iseniropic dosepression and frictionless flG<wu The following data 
are given: Condensing teosperafcure is 32 °C , evaporator (A) h«as .a 
capacity of 5 tons and an evaporating tespersture of -29 °C, 

evaporator (0) has a capacity of 10 tons and an evaporation 
temperature of -40’ °C, and vapour leaves each evaporator in dry 
and saturated condition. 

■ 1 5 = +2? °C, t 6 = -20.5 °C ¥ t 1L = ’ -7 °C T . t 16 .= 

-20.5 °C St t i7 ~ -31.5 D C. 

Eafch coapressor has 52 clearance. 

Dr&w schematic (P-h) and (T-s’> diagrams for the cycle,and 
determine: 

a) 'The coefficient o-f perfornsance of the system. 

b.) The piston displacement in cu.m/sec. of each compressor. 

c) The theoretical power input to each compressor. 











\ - ijtyv 

I'D. A two—stage vapour-compressi on asswonia ref rI geratcr is shewn in 
figure. Condenser pressure is 5 . „ 5 MPa. The lo«-te«perature 

evaporator is kept at a Lir-assure of 0,00 MPa while the 

high—temperature evyp .vstor is at 0,4 MPa. Liquid leaving the 
condenser ->tvd leaving each evaporator are saturated. 

Teatperafcure rrf leaving the water ‘inetercoaler is 30 °C. 

Bath compression . stages have an isesntropic p-f f iciency of 0.85, The 
cort.der.5er is water-cooled; the coal ing—water ta«perature rises in, 
the condenser is 9 ' °C and its flow rate is; 20 cu.«/hr. The C.CLP 
of the.cycle is 3.5, Draw a. p—i diagras of'the cycle and calculate 
th-a refrigeration capacity of each evaporator in tons-. 



A cold store has one above—zero room and two below—zero rooms. A 

3 -f'py* 1 * '■hi . 

two stage aramonia J is use(i; the sr ~rangt <yf equipment is shown 
in -figure. The h i gh — temperature evaporator operates at O °C 
while the law temperature evaporators are maintained at an 
evaporating temperature of -30 °C- The re-frigeration capacity i « , 
30 tons for the high-temperature, evaporator and 4-0 tons for each 
of the two 1 aw—temperature evaporators. > Liquid leaving the 

condenser is saturated at 40 °C. Ammonia is cooled in the water 
intercocloer down to 30 D C„ The high—pressure circulating pump 
circulates 0.833 kg/sec. while each of the low—pressure pumps 
circulates 1.056 kg/sec. Compression in both stages is considered 
to be adiabatic with a compression efficiency of 90 X . Plot all 
the points on the p—i plane then determine; 

a) The state of the refrigerant returning fro® the air—coaling 
coils to each of the two surge drums. 

b) The required brake power (mechanical efficiency far bath stages 

is 90 X) . i : ' . - 

r:> C,0.P of tbs; system (neglecting pumping work), 
d) Condenser ;uty in kW. 
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A three-stage ammonia refrigeration machine operates between 
evaporating and condensing temper - atures of —70 and 40 °C-. Two 
open—type flash intercoolers are installed; c»ne at each of the two 
intermediate pressures 0.07 and 0.35 MPa. Moreover, a waiter 
intercooler is used at each o-f the interoediate pressures to cool 
the vapour down to 23 °C- Rsfri geraht leaves the condenser and 

evaporator at saturation conditions. Compression in all stages has 
a compression efficiency of B5 X. Draw a block. diagram and plot 
the cycle on the p-i plane; then determine the C.O.P of the cycle- 
If, for so®c? reason, ithe water supply to the two water 

intercoolers was cut off: find the percentage effect on the C.O.P. 


A three—stage F-12 vapoui-compression refrigeration system is 

arranged as shown in figure. The system serves an air-conditioning 
cooling load on evaporator A in addition to two process cooling 
loads of 10 and 15 tons on evaporators 8 and C respectively. 
Condensing pressure is 1 MPa and liquid is subccoled in the 
condenser to 30 °C. All compression processes are ■ assumed to be 








m s\ 


iwntrnpic. Liquid is subcooled to -20 C in the closed flash 

intercool er - The ratio of the I'ml i cat: eil paw«r‘C. of the* hiqh-prR'sigrp 
Uqe . to thvat of the interoedi ate-pressure stage is 1.7. 
vaporating pressures are 0.015, 0.00, and 0.35 MPa. The 

refrigerant is saturated at exit from each. evaporator . Draw the 
p —i diagram, and, deterrairna: '• ' ' 

a) Refrigeration capacity of the air-coodition\ng evaporator 

(water chiller.) in tons, . 

b) Total i nd.Lfcsted; p.dwer inpCt. .7 ' V . 

c! C-0.P ;Qt the ,system . (stecHanical efficiency of all coopressbri, 

is- ■ V" 

d) -App.rax i mat e,^ pig tod r „. ,.di spj.'4fcemen‘t (cu. ©/sec-)., for each 
■■ EO«tpress.i-pn’ stage • if' ’.'the., clearance? ratio is 0.04 for all 
-compressors-.--Woulcf’it be ;; , advisabl e to interchange the places of 
the. open and- clos-ed flash. intercDolers. “ 


coopressbrs 


Cond. 


15 , r __— — - - - 1 16 17 

‘ EvapfA - |— 


2- ^ 


E vQp. B 


Evap C 







The rs-f r 1 qer an t s F—12 and F— 13 .are used In the cs'sc^de sy-st^s* 
shown in f i fjnr n _ Inn 1 ow>r -1 on&y>s»r a t ur p> cycle f n 1 1 own vs s L ®p l e 
saturation cycle I'JStwaert ev®rs atincs and Condon s i ny tiemfjerrttur'E'i 
of -00 .-sod -70 °C- VUci nidi -power input to the F-13 

co^ressar is 1.47 1 kW/ton. The f-'-12 cycle has ti***.) av^prxat.urs 
operating- ait tfn* two pressure's 0.35 i and 0.08 MPa; their 


rra-fr t gerat i on capacities are 17 and 40 tons respectively. Liquid 
ievavlny Chos c i.u\\Jen s»r In saturated at 40 °C. Th« liquid supp 1 L ssd 
to the expansion valve of the 1 a&s— te<®p«?raturs evaporator- is at 20 
°C. Vapour leaving the hiqh-tei@{3erature evaporator Is at 10 
°C. The Ioh temperature evaporator is a flooded one; and th 
vapour leaving it is superheated in the 1iquid—to—sueti on hea 
exchanger to -20 a C. The F—12 -fed to the cascade condenser has a 
quality at inlet x+O. 1 and a temperatura of —20 °C at exit. 
Ccsnsider coBpressicm in both stages to be i sen top ic. Draw the p—i 
diagram and determine: 

a) Refri(j<rr Aticin capacity o-f the F—13 evaporator in tons. 
b> Power input to the overall binary system ( Z. m * s 0.7 f ur all 
units). 

c) C-O.P of the svstem. 
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Air Refrigeration Systens 


1. A closed .air cycle refrigeratioH system pnxJuces LO T.R. Air 

enters the compressor At 0.412 MPa and j—7 °C & is then 

compressed to 1-47 . (n = 1.35). The t'esaperature o : f the air- 

leaving the air cooler is 28 ,°C. Expansion index is 1.30. fissucs 
frictioi'less flow,. find the C.O.P of the syste® and the 

Lher BROiiyjuirai s c_. <■'i> l .*»• j v?; <.> f i : iciwncy. • 

2. The schec.ftic air-cycle cooling system -for- a jetplane. is as- shown: 



Rs su«c that air is bled -From the jet—engine at 330 °C and ’ 0.6*? ; 
MS-’a at a rate of 0-133 kg 'sec. Air enters the turbine at 101 ■ n) C. 

- For the turbine assusie a palytropic exponent n — 1-20 and a 
tacch i i c a 1 efficiency of 0.8. The cabin pressure is 0.081 MPa and 
the air is exhausted -from the cabin at 23 °C. Assume that nco air 
is by—passed around the turbine- Determine: : 

a) The turbine power output^. . . ■ j.- 

b) The T.R. produced- .1, • ■ 1 . ’ ' - ” 

3. On a certain bootstrap unit the following performance of 

components is given: • 

Turbine efficiency 85 X, secondary compressor efficiency 77X, and 
second .T,r y heat—ex changer effectiveness V0 3. The unit' is designed 
■i or a cabin pressure of 0.0VQ MPa, an ambient air temperature -j 2 
°C, and. compressed air leaving the primary teat exchanger at 65 
'■•'C. For air t y enter the cabine at 5 °C, calculate: 
a) The l.empe «ture o-F the air leaving the secondary compressor, 
u > The pressure at turbine, entrance. 

c) The temperature of the air entering the turbine. 

d) The pressure entering the secondary compressor. 

4. A boot—strap air refrigeration system is used for an air plane t 
give 10 ton of refrigeration. The acsb ient condition^ are t = 

°C and p - 0.0S3 MPa. The air pressure i creases to 0.108 MPa 


0 in 
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i sen trop 1 cal 1 y before entering the compressor. Pressure of air 
bled from the main compressor is at 0.343 and this air is 

•further compressed in the secondary compressor . to 0.441 MPa. ' Th® 
i sen tropic i?f f i c i en y o-f each coapressor is 90 X and that of the 
cooling turbine is 80 X. Heat exchanger effectiveness of the 
pr'iosery heat—'changer' is 60 X and that of the secondary; haat 
exchanger is 62 X. 

Th© airoplane cabine is maintained at 0.098 MPa and 23 D C„ Tbits 
cooling turbine drives the secondary compressor and its surplus 
power is used -for: the -fart. . . 

Calculate: 

a) The power required to cool the -cabin. 

b> C.O.P Q-f the systesa based on the po&^er required by the 

compressor. i- ; 

W.B.s air used for heat exchangers cooling. is frosa inlet to 
compressor (i.e. at 0.108 MPa) 

5. An air refrigsrati.on system for a jet aeroplane operates on the 
siiaple cycle. The cockpit, is maintained ; at 22 °C. The 

ambient-air pressure and temperature are ,0.096 HPa and 10 °C. 
The stagnatiori pressure of the rail* air .is 0.126 MPa. The pressure' 
ratio of the main compressor is 3. The plane speed is 2T7.8 »/sec. 
Tewparature of the air entering the turbine is 93 °C. Pressure 
drop in the heat exchanger is 0.02 ftPa. Compressor and turbine 
i sen trop 1 c efficiencies are bath 90 X. Pressure in the cockpit is 
kept at 0.099 MPa. Cocpi t—cool ing load is 1 ton. Draw a schematic 
T—s diagram of the cycle and determine: 

a) Temperature of the air entering and leaving the compressor. 

b) Temperature of the air supplied to the cabin. 

c) Brake—power output of the turbine if its mechanical efficiency 
is 0.82 X. 

d) Rate of heat rejection in the heat exchanger in k.W. 



6. The air refrigeration system of a small turbo—propel1ed airplane 
is shown in figure- Air at a pressure of 0.5B8 MPa is extracted 
from the main gas turbine compressor - at a rate of 0.333 kg/sec. 
Temperature at inlet to the turbine is 100 °C. The turbine has a 
mechanical efficiency of 85 X and an expansion index of 1.2., 
Cabine pressure is 0.099 MPa and the maximumal1o«able temperature 
inside it is 25 °C. 

At a certain time 15 X of the air flow is bypassed around the 
turbine.. Determine: 

a) The cooling lobd in tons. - 

b) The turbine power output in kW. 

c) What is the full load, in tons, that can be handled by the 
system under the same inside and outside conditions? 

d) Bypassed fraction of air stream under half-load condition. 
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A bootstrap air refrigeration system is used to cool an aircra-f t 
c^bin . The ambient-ai.r temperature is 5 °C. The aircraft speed 

is 222.2 i«/sec. Air is estractsd froa tho main ungino coaprassor 
at a pressure o-f 0.Z76 MPa and s, rate of 0.3B9 kg/sec. The air is 
cooled in the primary heeat exchanger down to SO and thtgn 

cosaprgsssd to Q.. 3 : v2 5“2Pa in fcft® secondary coaipressor. The 

isantropic effic 2. a* voider. of th@ turbine and secondary co«pr«ssor 
ar® 0.8 and O.B4 respoctivsly. The cabins is pressurised at a 
pressure o-f 0.093 .“SPs and air is exhausted fro® it at 22 a *C. The 
' ewech an i c aT 'feff iciencias -o-f ■ 'the -- turbine- * and- .-the secondary 
c oasp <r essec ars 0.84 and 0.87 respectively. Detersine: . - 

a) The refrigeration load in tons. . 

b) The effectiveness o-f the secondary heat exchanger. 

EL Tit© reduced—assbient air refrigeration. systems is used in 

aircraft flying at a cruising speed of 41&.7 ®/Sec. The ai&hierrt 
. conditions are 0.071:5 MPa and 5 °C. The ra®-co«preasion prucasi: 

is assuised to be isentropic. The air leaving the coapressor is 
cool ed to iOO °C in the heat exchanger. The. pressure ratio of 
the main gas-turbine compressor is. 3. The. pressure drop in the 
outlets supplying air to the cabin© is 0.01 MPa. The cabin is 
maintained at .0.098 MPa and 22 a C. The adiabatic' efficiencies of 
the compressor and the two turbines ' are 83 Z and B6 X 
respectively. The cabin-cooling load is 10 tons. Draw a schematic 
T—s diagram of the cycle and determine: 

e.5 The shaft power delivered to the fan if the mechanical 
efficiencies of both turbines are 83 X. 
b) Mass flw rate of rara air through the heat exchanger, in 
kg/sec., if its temperature at exit is lira!ted to 80 D C- 
c> Effectiveness of the heat exchanger, 
d) C-O.P of the cycle and its efficiency ratio. ■ 

9. The regenerative air-refrigeration system of a jet plane .is shown 
in figure. The cabine is pressurized to 0.098 MPa and is 



maintained at 25 °C. The cabin-coaling load is 30 tons. The 

ambient conditions are 0.083 MPa and 5 °C. The ram air pressure 
is increased from 0.083 to 0.118 MPa, due 'to isentropic stagnation 
against the plane body, before being admitted to both compressor 
and primary heat—exchanger. Air is delivered from the compressor 
at 0.471 MPa. The primary heat-exchanger has an effectiveness of 
0.6. The air is further cooled in the secondary tor regenerative) 
heat—ex changer 'down to 50 °C' > while.. ..on, - the other side the 









XT 

■ . 

cool ing air is heated to 10O °C be-fore being discharged. The 
isentropic efficiency of ccornerassor and turbine is. 0=7 and 0=8 
respectively. Draw a neat T—s diagrams erf the cycle and calculate: 

a) The percentage o-f the total ’ air -flow, used for regenerative 

cooling. \ '. ... ■; 

b) The power necessary to carry the refrigeration load. ■ 

c) The C.GLP of the cycle and its relative .efficiency-' ■' 

A regecterative systesa is used for cooling the cabin of an aircraft 
travelling at a speed of 305.6 ®/s®c„ The ambient-air te@perature 
is 4 D C»' Rswas air ' pressure . increases duo to irreversible 
stagnation -against the aeroplane. Air is extracted froa thra engine | 
coaspressor at 150, °C_ Co^jression and expansion, in compressor 

snd turbines- are , both paly-tropic and have the indices 1.3 and 1 = 2 
rerspectively.„ The effectivenesses of the raw-air and- regenerative 
heat exchangers are' 0-6 and 0-77“ respectively. Considerable - 
pressure drop takes, pi ace. in each of the two heat exchangers; and 
air is admitted to the turbine at 0.274 S^a. The cabin is 

Baintained at 0.078 HPa and 25 °C. The cold air used for 

regenerative . cooling represents 49 X of the total mass flow rate ! 

through the turbine. The indicated pc-wer necessary to aeet the 
cabin—cool ing .; load - i s 1B3-7 kW.-.-Draw a - flow diagram and a 

scheusatic T—s diagram and calculate: 

a) The coaling 1oad in tons. 

b) Teiiperature of the air discharged to the atmosphere from the 
regenerative heat exchanger. 

A sireple systew is used for cooling a high-speed aeroplane. A 
bypass line around the turbine is used to cope, with part loads.. 
The cabin is kept at 0.07Q MPa and 25 °C. Air delivered by the 
compressor to the heat exchanger is at 148 °C. The 

heat—exchanger effectiveness is 65 X- Air is supplied to the 
turbine at 87 °C. Compressi on and expansion indices are 1.2 and 
1=3 respectively. 

When the cabi n—cool i ng load is 75 X of the full load the C.O-P of 
the cycle is 0.1024. Draw a flow and a T—s diagrams then 
cal cul ate: 

a) Pressure at inlet to the turbine. .. 

b> Cruising speed of the airplane if the ambient—air temperature 

is 3 °C. '•• -' ' ' ' ' 
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Air Conditionin g • 

1. A certain building is fca be air-condi tioned in sua»er. The follow-tin 
data is given: 

Outbid®, air condition is, 3'G °C d.b.t and 25 °C w.blt. 

Inside? design condition is, 26 °C d.b.t and 50 X R - H. 

Estif^ated beat gain frn® the building is, 17.445 kW. 

’Electric lighting and esachintys load is, 40 kW. 

Total number a-f persons eg-uols SOOj each gives 0.0014 kH of seiisibl 
h*sti and 0.11 kW of latent h«at. 

Fresh air to be allowed per person equals 20 cu.is/hr. 

Determine: 

a) The sensible heat factor. 

b> The total arsount a-f conditioned air ta be circulated. 
c> The coaling capacity of the air conditioner in T.R. 
d> The cooling coil dew point. 

2. A suswer air conditioning apparatus is used for . cooling an 
dehuraidification is to maintain 21 D C d.b.t and 70 X R.H. in 
print shop which has an estimated sensible heat gain of 58.15 ktrf at-, 
latent heat gain of 17.445 kW under design condition. Assuming ths. 
all the air is recirculated, find out: 

a) Sensible heat ratio.’ 

b) The apparatus dew point temperature. 

c) The rate of flaw of recirculated air per sec. 

d) The tons of refrigeration, of the refrig«rating machine. 

Coapute the refrigeration capacity in case of using 50 7. of fresi 
air at 39 °C d.b.t and 27 D C w.b.t and 50 7. of returned air f.ro> 
the shop. 

3. A theatre is to be air-conditioned for the following summer, 
operating conditions: 

Outside condition is, 38 °C d.b.t and 25 °C w.b.t. 

Inside rendition is, 26 d.b.t and 50 X relative humidity. 

Total number of persons is, 1000. 

Lighting inside theatre amounts to 10 kW. 

Total sensible heat gain frora building amounts 430.31 kW. 

Sensible heat gain from persons equals 0.0814 kW per person- . 

Latent heat gain from persons equals 0.105 kW per person. 

Fresh air to be allowed is, 30 cubic meters per hour per person. 
Conditioned air leaving the coaling cc*l at 90 X relative humidity. 
Make a neat diagram of the complete air-conditioning plant far th> 
theatre. 

Show also the air cycle on the psychroaetric chart. Then d-etermin' 
the following: 

. a) The sensible heat factor. 
b? 'ire cool inn coil mean temperature, and efficiency. 

c) The ajsor, t of air to be circulated inside the theatre, j: 
cu. Bt/hr. 

d) The coaling capacity of the plant in tons of refrigeration. 



* All mass flow rates are in kg dry air / unit time. 
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The fallowing data is given for an air conditioning plant; 

Outside air condition is, 38 °C d. b „ t and 26 U C w.b.t. 

Inside room condition is, 25 °C d.b.t and 55 X R.H. 

Fresh air supply eipjals 0.015-0 ky/sec. 

Roass sensible load is, 4J.961 kW. .. 

Rooffl latent load is, i3-S’56 kW. 

Show the si r cycle on tba psychroretetr i c chart and determine; 

a) The tewperature to -rM.cin the air must be cooled and dehumidified. 
b> The total quantity of conditioned air to be supplied, and the 

pi ant capacity. 

An air conditioning plant for*. a restaurant operates under, the 
following conditions; . 

'Outside air at 3S °C d.b.t and 23 °C w.b.t. 

Inside conditions are 25 °C d.b.t and 50 X relative humidity. 

Total heat load -for the restaurant — 45.59 kW. 

Air leaves the cooling coil at 10 °C d-b..t and 90 X R.H. 

The conditioner is fitted with a by-pass for mixing a certain part 
of return air with air leaving the coaling coil to obtain a mixture 
at 15 °C d.b.t, then the mixture is heated by a heating coil up to 
20 °C d-b.t before admission into the restaurant. Assuming equal 
weights of fresh air- lb return enter ing the cool ihcj coil; 
aJ Draw a flow diagram af the plant and represent the cycle on the 
psychroraetric chart, give a slectch of the cycle. 

b) Calculate the sensible .heat factor. 

c.) Calculate the amount of air circulated into the restaurant. 

d) Find the amount of fresh air taken in the .coil in cu.ia/sec. , and 
the ratio of return air which by—passed the cooling coil. 

e) -Find the r e-f r i ger at i iig capacity of the cooling coil in tons of 

refrigeration and the cajiaci ty of the heater in kW. 

A restaurant is to be air conditioned during the summer.. The 
follovring data is given: 

Outside air temperatures are; 35 °C d.b.t and 25 °C w.b.t. 

Inside conditions are; 22 °C d.b.t and 55 X R.H. 

Heat gain from the building = 29-075 kW 
Lighting load = 8 kW. 

People in the restaurant amounts 500; each gives 0.116 kW sensible 
heat and 0.093 kW latent heat. 1 

Food; 0.056 kg/sec. producing SO.2 kj/kg sensible heat and 16.1 kj/kg 

latent heat. 

Fresh air equals 27 X of circulated air. 

If the air - leaves the cooling coil at 90 X R.H, find outs 

The room sensible heat factor, 'apparatus dew point, and the amount . 
of air to be -circulated in cu.m/sec. 

Sketch the air cycle on the psychr omet.r i c chart. 

A club' is to. be air conditioned in summer, for the ' following 
conditions: 

Dry—bulb outside air. temperature = 35 °C. 

Wet—bulb outside air temperature = 26 °C. . 

Dry-bulb inside air temperature - 25 D C. 

. Inside air relative humidity = 50 X- 
Heat load from the building = 23-26 kW. 

Nu.rsL.er uf peaple Inside building = 500; each gives 0.093 kW Sensible 
heat and 0.0872 ■ A latent heat. 

Total lighting load = 10 kW. ■ ■' 

Fresh air allowed per person = 20 cu.m/hr. 

Tlie temperature of supply air is 10 . CI C below the dry—bulb 

temperature inside the conditioned space and air leaves the coaler 
at 90 X R.H. 

Hake a sketch of the psychrometric cycle and calculate; 
a) The fan capacity in nw/sec. 


b> Cooling capacity o-f the cooler - in T.R. 
c! Rehe-d: r?r capacity in kW. 

B. A space is maintained at 24 °C d.b.t and 50. Z relative humidity. 
The space sensible heat factor is 0.7757. Wo outdoor air is required 
for ventilation. The space is served by an air—coaling coil which 
delivers air to fcfcra space at a ralative humidity of 80 X. Deternine: 

. a) The apparatus dew-point temperature and the coil bypass factor. 

b) The rate ctf air circulated in kg/sec- and in-Vse-c pec tan of 
space sensible load. 

c) The rate erf water drainage from the coil, in , liter/sec, for a. 
space sensible load of 3 tons. 

9. A theatre is air-conditioned in scusaser. The inside conditions are 
isaintained at 25 °C d.b.t and 50 X Ri H. Outside conditions are 35 
°C d.b.t and 60 X R.H- Conditioned air is supplied to the theater 
at 16 °C d.b.t. Heat gain through walls is 116.3 kW, and he«i 
emitted frofis electrical equipment and lighting is 58.15 kw. Husfitmr 

. of persons is 300; each gives 0.0814 kH of sensible heat and O. 064 
k W of latent heat- Mecessary supply of fresh outdoor air is 14 

Ki-Vhr p er person. Sketch the psychrotwtric diagram and calculate; 

a) The sensible heat ratio. 

b) Amount of conditioned air admitted into the theater in kg/sec. 
and s^/sac. 

c) Bypass factor and effective surface temperature. of the coaling 
call. 

d) Capacity of rsfrigeratinq machine in tons. 

e> mount of water drained -from the cooling coil in kg/sec. 

10. A building is maintained at 26 D C' d.b.t and 50 X R.H while the 

outside conditions are .35 a C d.b.t . and 20 °C dew—paint 

temperature. Conditioned air is supplied to the building at a rate 
of 4.083 kg/sec. The building has a rate of sensible heat gain of 
28.377 kW and a rate of moisture gain of 1. B9* 10 — ^ kg/ssc. .Outdoor 

air is introduced, for ventilation, at a rate of 0.833 ra^/sec. 

Some of the recirculated (return) air is bypassed around the cooling 
coil. The a i. r which passes through the coil is brought to 90 X R.H. 
Draw a schematic flow diagram of the air conditioning system and 
deternine: 

a) The state of the air supplied to the building. 

b) The amount of .the retun sir bypassed around the Coil in kg/sec. 

c) The apparatus dew-point temperature and the coil efficiency. 

11. A building in a hot arid location is air-conditioned in summer by a 
simple evaporative-cooling system. The inside conditions are kept at 
28 °C d-b-t and 21 °C w.b.t while outdoor air is at 40 °C 
d.b.t and 10 X R.H. The building has a rate of latent—heat gain of 
3.541 kW and a sensible heat factor of 0.797. Equal masses of 
recirculated and fresh air are mixed then passed through the air 
washer. Determine: 

a) The mass flow rate of cooled air admitted to the building. 

b) The water—spray temperature in the washer.. 

Compare the water consumption with that in case of using 100 percent 

C^ci r . rJi O'-M 3k I. r~ « 

12. An auditorium is maintained at 25 a C d.b.t and 50 X R.H. The 

outside conditions are 40 °C d.b.t and 27 °C w.b.t. The air 
conditioning system is shown in figure. At a certain, part- 

load condition the sensible and latent loads are 116.3 and 79.342 k'W 
respectively. Conditioned air is supplied to the auditorium at 20 
°C- The apparatus dew point of the coding coil is 5 °C and the coil 
efficiency is 70 X. The mass cf fresh air is: 50 X of the air mass' 





a <c 



assi ng through the coaling and reheating coils. Calculate: 

) Tne sensible heat ratio. ■ 

b) , The amount oT canditianed air supplied to the auditorium in 

kg/sec. and ra^/sec. 

c) The amount o-f return air bypassed around the coils in kg/sec. 

d) The amount at -fresh air in kg/sec. 

e) The amount o-f water drained -from the cooling coil in liter/sec. 

•f ) The refrigerating capacity o-f the cooling coil in tons. 

g) The heating capacity of .the reheating coil in kW- 






t'J-6n 

Plot the cycle on the. psychromstric chart and calculate: 

a) The quantity o-F air bypassed around the cooling coil in kg/sac. 
and m'-Vsec. 

b) The amount o-f condensate removed from the cooling coil in kg/sec. 

c) The refrigerating capacity o-F the cooling coil in tons. 

d) The electric powsgr supply to the reheating coil in fcW. 

14. A space Is maintained at 25 °C d.b.t and 50 X R.^H. Tha air 

conditioning systea is shonn in figure. The outside conditions are 



40 °C d.b.t and 27 D .C w.b.t. Conditioned air supplied to the 
space is at 18 D t d.b.t and 14 °C w.b.t. Fresh outside air 
represents 30 X o-f the total amount of air fIon to the space. The 
cooling coil has a refrigeration capacity o-f 50 tons; the apparatus 
dew point is 5 °C and the coil efficiency is SO X. 

Or am the cycle on the psychrometric chart and determine: 

a) The- percentage of air flow bypassed around the coaling coil. 

b) The heating capacity of the reheating coil in kW. , 

c) The sensible and latent loads of the space in kW. 

15. A Space is to be maintained - at 26 °C d.b.t and 50 X relative 

humidity in summer. The air conditioning plant comprises a cooling 
coil fallowed by an electric reheating, coil. The rates of- sensible 
and latent heat gain to the space are 74.665 and 41.635 kW 
respectively. Air leaves the cooling coil at 14- Op; d.b.t and 90 X 
R-M. The outside conditions are 40 c C d.b.t and 28 °C w.b.t. The 

effective surface temperature of the cooling coil is 11.5 °C. 

Determine: • 

a) The state and rate of mass flow, in kg/sec., of the conditioned 
air sup pi i ed to the space . 

b) Hit? .power of the reheating coil in kW. • 

c) The amount t. •• fresh air introduced for ventilation in re J /sec. 

If "the relative bumdity of the air supplied to the space is limited 
to a ®a;< i mum of 90 X, is it possible to serve this, load with a 
cooling coil only? If it is, what should be the effective surface 
temperature of this coil? If the coil efficiency is the same as in 
the first case, would it be necessary to bypass a fraction of the 
air flow around the coil, and what should this fraction be? 

Compare the required refrigeration capacity id the two cases. 
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16. A space is air—c on d i. f i on nd in winter. The -air concii hionintj pi -% »> 
comprises a preheating coil , an air washer, 1 - and a reheating coil 

. .The rates of sensible and latent - heat loss froa the space are 232./ 
and 58.939 kW respectively. The space is usaintained at 2i D C d.b.i 
and 14 °C w.b.t. Air is supplied to the space at 3-0 °C. Outdooi 
air is saturated at 5 °C. The naas® flow rat® of voritilatlon. air i? 
30 X of that admitted to the space. The air washer has an erf f 1 ci snc', . 
of 30 X. Draw a scheisatic -flow diagram of the air conditionint 
system, plot the cycle on the psychrcmetric chart, then deteriaine: 

a) Th<a flow rata of conditioned air to the space in ra-^/se-c. 

b) The spray-water temperature. ' 

c) Rate of addition of wkeup water to the su/ap of the washer ir 
kg/sec. 

d) Rate of heat addition to the air in each of the heaters in kW. 

17. An interior space of at building is to he maintained at 22 °t 
during winter. The space has a net rate of sensible heat gain cH 
17.443 kW; »oi sture gain is neglegifale. There is no need for 
ventilation in this space. However, and in accordance with ar 
energy—saving policy, the space is coaled by mixing outdoor air with 
recirculated air and admitting, the mixture to the space. Air 
supplied to the space should be at 12 °C. On a particular day, the 
outside conditions are 5 D C d.b.t and 90 X R.H- 

a> Determine the amount of air supplied to the space in kg/sec. 

b) Find the percentage of the supply air' which is outdoor air. 

c) Assuming 0.735kW brake power per ton as the coopressor power 
requirement for a mechanical ref rigeration system, estimate the 
daily saving in operating cost realized by the above—meritioned 

system as compared to a ccmplete-recirculation system with 
mechanical ref ri ger ati on . The space is occupied 8 hours per day, 
and electricity costs 30 raillimes per kWh. 

18. A building is air—conditioned in winter. The 1 inside conditions are 
kept at 25 D C d.b.t' and 50 X R.H- while the outside conditions are 
5 °C d.h.t and 90 . X R.H. The building has a rate of sensible heat ■ 
loss of 174.45 kW and a rate of latent heat gain of 95-3-66 kW. The, 
ventilation requirement of the building is 10.972 is^/sec. of fresh 
air. The mixture of fresh and recirculated a.ir is preheated, passed 
through an air washer with bypass control, then reheated before 
being admitted to the building. The washer (humidification) 
efficiency is 75 X and the . temperature of the spray water is .15 
°C. Conditioned air is supplied to the building at a condition 
such that . the diffusion temperature is 10 : °C. Draw a schematic- 
flow diagram of the air conditioning system an,d determine: 

a) Flow rate of air to the building in kg/sec and ro-Vsec- 

b) Temperature td which air is heated in the preheating coil. 

c) The fraction bypassed around the air washer. 

d) Rate of addition of makeup water to the washer in kg/sec. 

e) The rate of heat addition to the air in each heating coil in kW. 

19. A space .is maintained at 23 °C d.b.t and 50 X R.H. during winter.' 

The outside conditions are 6 °C d.b.t and 5 °C w.b.t. The space 
is air—conditioned by the system shown in figure with waste- 

heat recovery rnd 100 X outdoor air- The sensible heat loss from 
the 'space is 104 67 kW and the sensible heat factor is 0.7975. 
Conditioned air is supplied to the space with a diffusion 

temperature > of • T--7‘ °C. Air 'enters r'rf-othe >.-• reheating coil at- a 
temperature of 21 D C. Air is exhausted at' 15 °C. Plot the ■ cycle 
on the psychrometric chart and determine:- ■< 

a) Flow rate of conditioned air in kg/sec.- anc; m^/sec. 

b) Rate of heat addition to air in the preheating coil in kW. 

c) Percentage saving in heating load realized by the waste—heat 








recovery syste®, 

d) The washer efficiency. . * ". 

Water consufspticm of the air washer in kg/sec. 

20. ft weaving hall is maintained at 30 D C d.b.t and 70 X R.H. T? 
outside conditions are 40 °C d.b.t . and 26 °C w. b„t. The tot a 
heat gain of the hall is 116.3 kW with a sensible heat factor a- 
0.8. Conditioned air is admi tted to the hall at 25 °G. The fresi 
outside air represents 23 X of the total mass '.flow rate . o 
conditioned air. The air conditioning sys :em comprises a coalin' 
call and an air washer. Determine: 

a) Flow rate of conditioned air in m^/sec. 

1 b) Temperature of air leaving the cooling coil, 
c) Refrigeration capacity of the cooling coil in-tons, 
d> Washer efficiency. 

21. ft drying chamber is used for drying dates from moisture content c- 
45 X to 10 X on the wet basis and at a rate of 2 tons of dates , pes 
iiour. Air leaving the drying raa® is at 23 D C d.b.t and 70 X R. ’rS 
and air is admitted to the room at 49 D C- The outside air (winte 
conditions are -5 °C d.b.t and 70 X R.H.‘ Determine: 

a) The percentage of air recirculated. 

b) The heating capacity of the heater in kW. 
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Condensers and 


1. A refrigerator is to serve a cooling load of 16 ton. The 
machine condenser is air cooled and the heat rejection ratio is 

. 1.244. The condenser has an air-side area of 210 m^ and the 

overall coefficient of heat transfer based on this area is 37 

2 2 
W/m . K. The condenser has a face area of 2.2 m and the face 

~r 

velocity of air is 3 m/s. Density of ambient, air is 1.15 kg/m^. 
If the condensing temperature is to be limited to 55 C, what 
is the maximum allowable ambient temperature? 


2. A direct-expansion finned-coil evaporator has the following 

~s 2 

areas: refrigerant side 15 nV* , air-side prime area 13.5 m""" , and 

*7 

air-side fin (extended) area 144 m*"" . The boiling', heat-transfer 
coefficient inside the tubes is 1300 W/m^.K and the air-side 
coefficient is 48 W/m^.K. The fin efficiency is 647... Neglecting 
the thermal resistance of tubes, determines . the' value of the 
(UA) product for this air cooler. ' 

3. A floaded shel1-and-tube evaporator is used to cool a liquid, 

■ which flows inside the tubes, -from 15 to 5 °C. The tubes are 
made of. copper with inside and outside di amsters of 3 and 9.53 
mm. Liquid-flow velocity inside tubes is 2 rn/s. The refrigerant 

•i . 

saturation temperature and the average, boiling heat-transfer 

r> 

coefficient on the shell side are -1 C and 3 l 00. W/m’*’. K. Neglect 
the tube thermal resistance and determine the total required 
Length of tubes per ton of the refrigeration load. CProperties 
of liquid at 10 °C are / V =0.0013 Pa.s, _y=1050 kg/m , k=0.57 

W/m.K, and 04250 J/.kg.KJ 

4- A shel1-and-tute condenser has an overall coefficient of heat 
* n 

transfer of 800 W/m*". K based on the water -side art?a (inner 
area) . The water pressure drop, through the condenser is 5u 
kPa. Under this operating condition, 407. of ;.hs overall thermal 
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resistance is on the vaster side. If the water-flow rate is' 
doubled, whst will tm the new value of the overall coefficient 
and the new witw-pf- *esure drop'? 

5. Calculate the mean condensing heat-transfer coefficient when 
R. 12 condenses on the outside surface of plain hor i cor, tal tubes 
in a she!1-and-tubs water-cooled condenser. The outside 
diameter of the tubes is 1? mm. There are five vertical rows of 
tubes with 2, 3,. 3, and 2 tubes per row. The saturation 


temperature 

inside 

the condenser 

■ is 52 

D c 

and t.hg average 

temper sture 

of the 

tube surface 

is 4 4 °C. 

C At 

52° C 

satur at t on 

temperatur e, 

the 

liquid densi 

t y an d 

the 

1atent 

heat of 

vapori z at ion 

of R12 

.are 1202.36 

kg/m~. and 

120 

kJ/kgl 



6- The manufacturer of a water-cooled shel1-and-tube 
condenser guarantees tha overall coefficient of heat 

n ' 

under operating conditions to be 9.90 W/rrr.K. (based 
water-side area). What should be the value of the 
coefficient when the condenser leaves the factory? 

7- The following results were recorded during the testing of a 

shel1-and-tube. ammonia condenser with water flowing inside the 
tubes ' ' 


I u 

o 

W/m 2 .K 

2070 

1930 

S65 

1570 

2300 

1760 

1360 . 

.1130 

_ ■ 

V 

m/s 

, 

■ 

0.353 

0.244 

0.61 

. 

■ 

0.731 

,0.433 

■ 


v 

where U is the overallsheal-transfar coefficient based on the 

o "j : - • 

outer area and V is the water velocity in tubes. Condenser 
tubes are plain with inside and outside diameters of 46 and 51 
mm and a thermal conductivity of 60 W/m.K. Determine: 

i - The condensing heat transfer coefficient. 

ii - The he,: -transfer coefficient on the' water, side at a 

water -flow velocity of 0.45 m/s. 1 
iii- The overall coefficient U at a water velocity of 0.75 


ammonia 
transfer 
on .the 
overa11 


m/ s. 
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A dry-ewpansicn she! 1 -and-tube water chiller has refrigerant 
tubes of 31 min inside? diameter and 35 mm outbids diameter. The 
tubes are made of copper with a thermal conductivity of'.. 370 
W / m. K. Th e chill sr was test ad at t wo d 1 f f.eran c values of 
water-flow rata through. the shell. The measured ' overall 
heat-transfer coefficient, based on inside area, was 700 and 
SOS W/m^,K for water-flow rates' of 5 and S' liters/s 
respectively. Estimate the average value of the ' boiling 
heat-transfer coefficient insi.de the tubes. Find,- also', the 
heat-transfer coefficient on the outside surface of tubes at a 
water-flow rate of 10 liters/s. (Solve without drawing' . 


A water-cooled shell -and-tube condenser, is to be designed . for 

a R.22 refrigeration system to meet an air-conditioning 

cooling load of 22.75 ton. The condensing temperature is .45 °C 

ar.d the heat rejection ratio is 1.27 (hermetic': compressor)'. 

Water from a cooling tower enters the condenser (cn the tube 

o • . . . _ p_ 


side) at 30. ~C and leaves a? 
passes and a. total number 
of tubes of 42 arranged as 
shown in figure. Plain 
copper tubes are used with 
inside and outside diameters 


The condenser • has 


Vapour 

inlet 




of 14 and 

1 6 mm, 

Thermal 

0 

0 

0 

0 

0 

o . 

K 

conduct!vity 

of copper is . 

0 

o 

0 

o 

o. 

390 W/m.K. A 

fouling 

factor 

0 

o 

o 

of 0.000176 

2 : 
m . K/ W is to be 

( O o 0-0 o 
Vo O <) o 

taken into. 

conEidsraticn. 

\o o o o 


Condensate 

outlet 


At 45 C the liquid densi tv■ 
and the latent heat of 
vaporisation' of ' R.22 are 
1109 kg/m"' and 160.9 kJ/kg 
'•GSpacfci valy, TThe following 

4 - • -*f 

properties may be taken for water at 32-5 C: J *995 kg/m 
/*=0.000773 Pa-s, C=4.19 kJ/kg. K, and k=0.6l7 W/m.KD 
Determine the distance between the two tube plates and th- 
total required length of tubes. 




|n ,to “crrx 

fcf-ssn s f ',gr 
^v^ponator 
lines . n 


Refr i'ge 


[ ncoisu ng 


Et “ eSpOf" i» 
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Cooling Towers and Compressors 


i- A rsfrigsratisn system carries a rafrigeratvon .load of CO tens. 
The heat rejection ratio is 1.27. The■system is equipped with a 
water-cooLed condenser connected to a cooling tower which has 

an approach of 5 °C. The wet-bulb temperature of ambient ai - is. 

o • ■ o 

23 C. Water leaves the condenser at 77 C. The head Loss m 

the cooling water circuit is 4 m. The cooling water pump- has an 

efficiency of 75 7. and is directly driven by an electric motor 

having an efficiency of 70 7.. Calculate the' power input to the 

driving motor, if the temperature o-f the warm water leaving the 

condenser droos' 1 C or, its way to the tower, what is the range 

of the coal i.ng tower? 1 ’' 


2- In a water-cool i ng tower the rate o-f water evayior a t'.i on is 0.5 
kg/s. The maximum permissible solid concentration in the tower 

. is 1800 ppm. Brackish water, from a well, having a salinity . of 
1000 ppm is used for makeup. It is proposscj to install a water, 
treatment plant to reduce the salinity of supply water down' to' 
700 ppm. What is the expected percentage saving in water 
consumption? .. 

3- A small refrigerating machine working with R-1.2 has - a capacity 
of L ton and is operating between the pressure limits of '1 and 
0.1 MPa. Saturated liquid is fed to the expansion valve and 

refrigerant leaving- the evaporator to the compressor is at -21 

o , • 

C. The machine is fitted with a rotary compressor o-f' the 

r d l 1 i ng-p i star, type rotating at 700 rpm. The. roller diameter 
and the cylinder length are 0.75 and 1.1 times the cylinder 
diameter respect' ’e1y. Calculate the three main dimensions of 
the compressor. 
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4- An ammonia refrigeratvcn system operating between the pressure 
limits of 1.5 arid 0.23 MPa is equipped with .a flooded 

. evaporator and a rotating vane comprassor; Liquid loavinq the 
condenser is saturated. The four—vane compressor ■ rotates at 
1200 rpin and its characteristic volume is 190 dm"'. Calculate 
the refrigeration capacity in tons.' f; 

5- , A two-cy 1 inder R-12 compressor has a bore and a .'stroke of 3.65 

and 5 cm respectively arid a clearance factor -of 4 • tt is 

required.to Drepars a ratinq table for this compressor, listing 
the rafrigeraticn capacity versus the.evaporating temperatur s , 
based on the following conditions: simple sa.tuartion cycle, '40. 
°C condensing temperature, clsaranca volumetric'effeciency, anP 
a speed of 950 rpm, Calculate the two re f rigeration capacities 
that will be quoted against the two evaporating temperaturas 
-10 and 10 °C. <>“i. 131 ’ ’ 

6- Catalogue data for a Freon-12, reciprocatir.g compressor show 
that the -compressor produces 20- tons when integrated ir a 
r ef r i g er a t i on cycle having the \ following char.actsri sties: 

, Q ’ ' . • 0 

Evaporating temaeraturfe -5 C, condensing ismoeraturs 40 C, 
liquid fed to the sit pan's ion valve is saturated. and suction 
temperature is 15 C. - 

' i - The evaoorator is a dr v e,: pans i on. one d: recti v adjacent to 
the' compressor. Calculate the rafrigoraticn capacity of 
this compressor if the suction temperature becomes 0 °C. 

11 - Solve the sane ■ problem- .if the e v ,ap or a tor is a remote 
flooded' evaporator connected to the compressor via a long 
sue t i on line. ; • . . ■ 
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Expansion Devices 

■f f ; -, ; . . . 

1- In a Ref rig,er an t-12 refrigeration system,'' the ’ ex pans t ion valve 

ia 1 oca-ted -At,.,a.n .elevation of S m above the condenser. The 

water-cooled cp.ndenser operates at a condensing temperature of 

37 °C . The pressure drop), due to friction, along the liquid 

2 

line is 0.27 kp/cm . If .the liquid line is assumed to be 
perfectly insula ted, estimate the degrees of subcooling that 
must be .achieved in the condenser in order to ensure that 
vapour;..,w.ou.ld not be formed before the expansion valve. 


2- A.Refrigerant-12 thermostatic expansion valve uses the same 
refrigerant a’s a power fluid.' The valve is designed to fade out 
at a pressure of 4.447 kp/cm^. The volume’ of the power-fluid 
system (bulb and connecting tube) is 15 cm^. Determine the mass 
of Refrigeranl-12 contained in the power system. 

3— A.sma11 Refrigerant-12 refrigerator has a compressor running 

with a piston displacement of 0.1 m”'/min. The compressor 
clearance factor is 5 7.. Under all conditions, the vapour 

leaving the evaporator is’ assumed to be saturated and the 
compression process is considered to have an index n=l.li. The 
refrigerator is fitted with a capillary tube the mass-flow 
characteristics of which may be practically expressed by 

m = 0.015 x t -*-1.1- 0.24 p 

.cond. ®v; 

where m is the mas’s flow rate in kq/min, t , is the 

cond. 

condensing temperature °C. and p is the evaporator pressure 

2 ' ® v - 
kp/cm . 

Linder normal running conditions, the condensing’ temperature is 
40 °C . Estimate the evaporation temperature and the rate of 
mass flow through the evaporator. 

After a period of operation, with incompetent maintenance, and 

due to external fouling of the air-cooled condenser the air 

circulation across the condenser was retarded and the 

o 

condensing temperature rose to <b0 C. What would be the 
evaporating temperature under this condition and what would be 



the rate of. mass flaw through the evaporator? 

Give an approaimate estimate of the refriqeration capacity, in 
tons, in each of the two cases. 

A Refrigerant-12 evaporator is fed by a float valve which, has 
an orifice opening of 0.25 cm at wide-open position. The 
evaporating and condensing temperatures are -TO and 53 °C. 

Liquid leaving the condenser is saturated. The . coefficient of 
discharge of the orifice is '0.84. Estimate the maximum 
refrigeration capacity under these conditions. (Use the average 
value .of 1 j.qu id density ) . ' . 
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Absorpt i on Refrigerat ion, Steam-jet ref rigerat ion an d_ the rmo 

electric cool i ri g - . ' 

1- What is the COP of an ideal heat-operated refrigeration cycle 

that receives the energizing heat from a solar collector at a 

o o 

. temperature of 70 C, performs refrigeration at 15 C, and 

rejects heat tu atmosphere at a temperature of 35 °C.. 

* 

2- A simple LiBt—water absorption cycle operates at the following 
tempera tu res: generator, .105 °C condenser, 35 °C. evaporator, 
5 °C, and absorber, 30 U C. The flow rate of solution delivered 
by the pump is 0.4 kg/s. 

i - What are the mass flow rates of solution returning from the 
generator to the absorber and of the refrigerant? 
ii- What are the rates of heat transfer at each of the 

components, and the COP? 

3- In an absorption cycle with heat exchanger, the solution 

temperature leaving the heat exchanger and entering the 
generator is 48 °C, generator temperature = 100 °C, condenser 
temperature c 40 °C, absorber temperature = 30 °C, evaporator 

temperature - 10 D C and the flow rate through the - pump .= ' 0.6 

kg/s. What are the rates of heat transfer at the generator and 
the temperature of the solution entering the absorber. 

4- In an absorption cycle with heat exchanger the solution leaving 

the beat exchanger and returning to the absorber is at a 
temperature of 60 °C. The generatore temperature is. 95 °C. What 

1 .S the minimum condensing temperature permitted in order to 

prevent crystallization in the system? 


o 

Refrige rat 
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3- In a steam-jet refrigeration, the following data apply? motive 
steam pressure «■ 700 I'.F’a, ' condition of motive steam at entry to 
nozzle is dry saturated, flash chamber (evaporator) water 
temperature = 4 C, temperature of make-up water to flash 
chamber -‘ D 17 °C, pressure in the condenser = 6 kPa. nozzle 

efficiency « 90 V., entrainment efficiency ="60 compression 

efficiency (including shock wave) = 70 7.. De termine i 

i - Hass flow rate of steam per kg of flash vapour generated. 

ii - Refrigeraticn capacity per kg of flash vapour. 

iii- Mass flow rate of motive steam per kW of refrigeration. . 

iv - Volume flow of vapour leaving the flash chamber per kW of 
refrigeration. 

Assume the quality of steam at entry to thermo-compressor as 
0.92. 

6- A thermoe1ectric cooling system is to be designed to maintain a 
small insulated chamber at 4.°C when the ambient temperature is 
32 °C. The estimated load is 29 UJ. Each thermoe 1 ec tr i c element 
will be cylindrical with a length of i.25 cm and a diamemetr of 
1 cm. Thermoelectric properties ares 




■ ^ ^ . ' '• 

P 

n : . 

c* 

V/K 

170 x.- iO _6 

-190 x 10 -6 

p 

0 cm 

0.001 7 

0.0008 

k 

W / c m 1; 

0.02 

■ 0.02 , 

■ ' ’ - ! 


Determine ? . : - 

i - Number of couples required. 

ii - Rate of heat rejection from the heat dlsBipator. 

iii- The COP. ’ - ‘ 

iv -r The overall voltage drop and watts capacity of the d.c. 
power source. 

I—j ' 

Assume che colt junction at —1 C and the warm junction at 38 

Q ' ' . 

R, and the electrical resistance of the leads and junctions = 
10 7. of the e 1 emen t s ‘ res i s t ance and design for maximum 

refrigeration capacity. 




